Abstract
Introduction
There are about 2600 plant species that produce cyanogenic glycosides [1] - [4] . When cassava leaves or tubers are detached from the plant, cyanogenic glycosides are hydrolysed by enzymes, to alpha-hydroxynitrile and sugar or a saccharide. Alpha-hydroxynitrile formed undergoes intramolecular reaction to give hydrogen cyanide,
Treatment of Samples
The cassava tubers were properly washed to remove soil. The outer dark brown scale covering (periderm) was removed. The Cassava samples were cleaned using distilled water, 10.0 g of the weighed samples were roasted, while the other portion (10.0 g) was boiled in distilled water, using stainless steel materials, for 15, 20 and 35 minutes respectively. The remaining portion was ground and homogenized in a mortar with a pestle. The homogenized sample was divided into two portions; one portion air dried and the other oven dried. Unpeeled cassava samples were analyzed at intervals of Day 1 (day of harvest), Day 2, Day 3 and Day 4 of storage at ambient temperature.
Hydrogen Cyanide Determination in Cassava Tubers
The cyanide concentration in cassava parenchyma was determined using ninhydrin based spectrometer of trace cyanide at 485 nm maximum wavelength [26] . A calibration graph was first constructed using standard solutions of CN − at concentrations of 0.02, 0.04, 0.08, 0.1 and 0.2 μg/mL (which is within the linear range) and was prepared by adding appropriate volumes of cyanide solutions at concentration of 20 μg CN − /mL to 1 mL of 2% Na 2 CO 3 . Ninhydrin solution (0.5 mL) containing 5 mg/mL in 2% NaOH was added to each standard cyanide solution. The mixture was homogenized and incubated for 15 minutes for color development. Similarly, the blank was prepared in the same way as above, except that instead of 1 mL 2% Na 2 CO 3 containing CN − , 1 mL of 2% Na 2 CO 3 without CN − was added. UV-Visible absorption of the reaction product (Cyanide-ninhydrin adduct) of the different concentrations of cyanide was measured using UV/Vis Spectrophotometer (SURGISPEC SM 735, Surgical Medical, England) at 485 nm. Total cyanide in the samples was determined by adding 0.1 g of the ground sample in a standard volumetric flask (5 mL) and made up to mark with 0.1% NaHCO 3 . The samples were sonicated for 20 minutes in a water bath and the mixture centrifuged at 10,000 rpm for 10 minutes. The supernatant was pipetted with automatic pipette, two aliquots (2 mL each) and added to 0.5 mL ninhydrin in NaOH, allowed for fifteen minutes for color development and absorbance measured at 485 nm.
Statistical Analysis
Means of the samples were compared using analysis of variance (ANOVA) and the level of significant difference determined at p < 0.05. This analysis was carried out with an SPSS program (version 21) (IBM).
Results and Discussion

Effect of Harvesting Time on Cyanide Content
The results of cyanide concentration in the studied areas are presented in Tables 1-8 . From the results, it can be seen that cyanide content for the same cultivars are different from one local government to the other, it can also be seen that even in the same local government, different locations gave different values for same cultivars. These results are in line with earlier observations [14] [20] .
The concentration of cyanide in cassava parenchyma at different temperatures from Otukpo Local Government (Tables 1-3 Table 7 and Table 8 ), Lobi Kartyo showed an average cyanide concentration ranging from (41.46 ± 0.03 at 29˚C to 48.83 ± 0.00 at 28˚C) mg/kg, while Ber-Agbum recorded (44.13 ± 0.00 at 31˚C to 51.62 ± 0.04 at 28˚C) mg/kg for TMS 98/0581 and TMS 98/0524 respectively.
The results show that the cyanide content is within the range of sweet cassava cultivars [14] [27]. This is in excess of the maximum acceptable limit recommended by WHO [21] . TMS 98/0524 recorded the highest values (46.38 -58.08) mg/kg in all the local government areas with only an exception in Otada (Otukpo) where TMS 98/0505 had the highest value (58.93) mg/kg. For this reason, the practices of eating it raw should be discouraged. The sample collected in the morning contained more HCN than that collected in the afternoon and evening for all cultivars, but no clear trend was observed for those collected in the afternoon and evening [28] . It is most probable that the unstable alpha hydroxynitrile undergoes intramolecular reaction at temperatures above 30˚C to produce a ketone and HCN which will invariably react with amino acid containing sulphur to give thiocyanate [29] - [31] . This is possible if the available sulphur containing amino acids are more than the sugars available in the afternoon and evening [31] [32] . The cyanide content of the peels ranges from (63.41 -108.96) mg/kg in all the cultivars in all the local government areas.
Effect of Days of Storage on Cyanide Content
The result of effects of days of storage is presented in Table 9 . Unpeeled tubers left for four days did not show appreciable change in the cyanide content ( Table 9 ). The temperatures for keeping this ranged from 26˚C -29˚C. This shows that hydrolysis of cyanogenic glycosides to release hydrogen cyanide was not rapid since HCN vaporizes at 26˚C [33] .
Effect of Boiling Time and Roasting on Cyanide Concentration of Peeled Cassava
Tuber (mg/kg) Figure 1 shows that cassava parenchyma boiled for 15 and 20 minutes ranges from (25.24 to 30.53) mg/kg and (18.30 to 21.19) mg/kg respectively for all cultivars and remains high above the accepted limit of 10 mg/kg set by WHO. Further extension of boiling time to 35 minutes, reduced the level of cyanide in all the cultivars below the accepted level for human consumption (5.26 to 7.85) mg/kg. These values can further be reduced when the cassava is blended with boiled yam and/or sweet potatoes for making composite pounded yam as it is normally done by local consumers in Benue State. Reduction of cyanide content in cassava tubers by boiling has earlier been reported [14] [34]- [36] . The cyanide content of the parenchyma after roasting ranges between (9.73 -10.55) mg/kg in all the cultivars (Table 10) . This is marginal within the acceptable range for all the cultivars for human consumption [21] . Hence eating of roasted cassava should be discouraged as the cultivars may contain cyanide level above the safe limit. These results show that roasting significantly reduced the total cyanide content in fresh root, but not as effective as boiling for 35 minutes.
Effect of Drying on Cyanide Content
Parenchyma air dried for 1 week (26˚C -32˚C) and oven dried (60˚C) for 4 hours contained (16.05 -18 .83) [21] . The high concentration of cyanide after oven drying is in agreement with the observation that, the rapid temperature increase during oven drying could have deactivated the enzyme that is responsible for hydrolysis of cyanogenic glycoside [37] . It is therefore necessary to blend cassava tubers with yam or grains e.g. millet, guinea corn and maize to dilute the cyanide content to acceptable level.
Conclusion
The cyanide content of cassava cultivars studied ranges from (44.46 -56.78) mg/kg. This is above acceptable limits provided by WHO for human consumption and should not be eaten raw even though it is sweet. The cyanide content changes with change in geographical location, hence there is need to continuously determine the cyanide in cassava before eating. Heat treatment reduces the cyanide content between (5.67 -24.04) mg/kg. Heating by boiling is the most effective means of depleting cyanide content. Therefore, the present study highlights the importance of boiling cassava tubers for at least 35 minutes, for a safe level of cyanide in the tuber. Furthermore, since cassava peels contain high level of cyanide, its removal should be done in a well ventilated environment and disposal in pits or other places where human beings and animals may not be poisoned [38] [39].
